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: .‘ai,;izz PREFACE

At the request of Headquarters 6th Weather Wing, ETAC computed the root-
mean-square (RMS) dew-point accuracies to -40°C as measured by radicsonde
A equipment. This information was required by the Aeronautlical Systems Division, K
B Air Force Systems Command. %
N
b
e

In most of the literature, accuraclies for radicsonde-measured atmospheric
moilsture are expressed in terms of relative humldity, l.e., the percent of

* saturation, This report presents the radiosonde-measured atmospherlc moisture
E: accuracles In terms of dew point, 1l.e., saturation temperature, The dew=-point
K RMS3 errors are presented in tables which resulted from the computations and in

nomograms for ready use. A table and 2 nomcgram are included for temperatures
o between 0°C and 40°C and another of each for temperatures between -40°C and
0°C. Dew-point accuracles are least for high temperatures and low dew points
and greatest for low temperatures and high dew points in each tempcrature
group, viz., 0°C to L0°C and -40°C to 0°C.

.-

This report will aid meteorologlsts, engineers, and others who require
knowledge of the accuracles of radiosonde-measured dew polnts.
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LLOYD V, MITCHELL
Research Meteorologist
HQ. USAF ETAC
Washington, D, C. 20333
1 August 1967
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GRS RADIOSONDE DEW-POINT ACCURACIES 40°C TO -40°C

SECTION A — INTRODUCTION

Accuracles of radlosonde-measured data have been of interest to meteorol-
oglsts for several years. Air Weather Service's interest is exemplified in
AWSTR 105-133 [1], published in 1955. This report summarized the best avall-
able information at that time relative to the accuracy of radiosonde data as
well as listing references of previous studies and tests,

More recently, this interest has expanded to lnclude more than the mete-
orologlists who are engaged in analyzing maps and charts containing radiosonde
data. For example, engineers are using radlosonde data as a standard for
checking the accuracy of alrcraft-mounted meteorological sensors, Also,
atmospheric sclentists who are concerned with meteorologlcal data from rocket-
launched sensors are vitally interested 1n the radlosonde-data accuracies be-~
cause pressures and densltles above radlosonde altitudes are computed using
the 80,000-foot radiosonde data as a base., The Meteorologlcal Working Group,

ﬂg@h Inter-Range Instrumentation Group (MWG-IRIG) [2) has published the accuracies
of surface and upper-alr meteorological equipments,

Accuraclies of moisture measurements are given in terms of relative humid-
ity in current publications (1], [2], [3]. The accuracy (root-mean-square
[RMS] error) for radiosonde-measured relative humidity s 5% for temperalures
above 0°C, 10% for temperatures 0°C to -40°C, and questionable for tempe:a-
tures below ~40°C [2]. This error is plus-and-minus the reported relative
humidity; 1.e,, if the relative hunldity 1s reported as 80% at a temperature
of 10°C, the relative humidity is from 75 to 85% [6].

Most of the scheduled radlosonde obsgervations in the Unlted States are
made by the Environmental Science Services Adminilstration's (ESSA) Weather
Bureau, Other agencies, including the USAF, make radiosonde observations as
required for speclal purposes. Although there are slight differences in the
radlosonde used by the ESSA and the one used by the USAF, the accuracies are
comparable [3], {4]. Therefore, the accuracies presented in this report zre
applicable to radiosondes currently used by the U.S. agenciles [3].

SECTION B — COMPUTATIONS

~EE Since moisture accuracles for the radlosonde are given with respect to
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relative humidity, dew-point accuracies are determined by making computations §§§§
which convert the relative-humildity accuracies into dew-poirnt accuracles, ‘
Relative humidity, R, is expressed by ([5] p. 11):

(1) R = (e/és) x 100
where e = vapor pressure (mb). .
e, = saturation vapor pressure (mb),
100 = constant required to express R as a percsend,

The saturation vapor pressure over water, for example, 1s expressed by (5]
p. 9):

(2) ey = (6.11)102/(0+t)
where t = ambient (dry bulb) temperature (°C).
a and b = constants, 7.5 and 237.3°, respectively.

Similarly, ti» vapor pressure, e, 1s expressed by:

(3) e = (6.11)1027/(0#T)
where T = dew-point temperature (°C). &339
a and b = the same values as in Equation (2).

In order to compute the dew-point temperature from relative humidity, 1t
is necessary to express the dew point as a function of temperature, t, and
relative humidity, R, Substituting Equations (2) and (3) into Equation (1),
we get

(%) R = 100 [§6.11)1ga€/(b+t)]

which reduces to

(5) R = 100 [%%;;;%g;%}]

To remove the variables, t and T, from the exponents, Equation (5) is re-
written as

_ aT at .
(6) log R = 103 100 + [mﬂ - m] ®
T
2
- - w -» - -« » - - - - -
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which becomes

(7) log R = 2 + 5o - 522

Solving for T, Equa.ic:: {7) becomes

b log R _ 2b + bt

(8) T = a a b+t
log R . 2 ¢t

a + a b+t

Using Equation (8), dew points were computed for temperatures of 40°C %o
-40°C in 2° increments, and relative humidities of 5% to 110%, in 5% incre-
ments. Since computations could not be made assuming 0% relative humldity,
computations were made for 1¥ relative humidity., Computations of dew-point
RMS errors were made following these steps:

a. The appropriate dew point for a particular temperature and relative:
humidity were computed, (Let this be T.)

b, The dew points were computed for the same temperature as 1in a, above,
but for relative humidities, one RMS smaller and one RMS larger, R-1 and R+l,
(Let these be T_, and T, respectively,)

¢. The absolute differences between T and T_1 and T and T+1 were deter-
mined, summed, and divided by two. The result was considered to be a repre-
sentative RMS error for the temperature used and the dew point, T, which had
been computed,

Here are two examples.

a, Example I:

Given: t = 20°C
R, = 30%
R = 35%
R,, = 40%
Computed: T_; = ~0.6°C
T = 1.9°C
- o
T+1 = Uh,1°

For T = 1.9°C, RMS = 222 * 2.2 _ 5 jyoq,

c

- b - A 4 v - L 4 v - L J A 4 . \ 4
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b. Example II: oo
Given: t = -10°C
R_, = 20%
R = 30%
Ry =
Computed: T_, = -28,6°C
T = =24, 2%

°
T+1 = =21,0°C

For T = -24,2°C, RMS = L‘L%..L% = 3.8°C,

Although Equation (8) reveals that the dew-point change for any tempera-
ture is neither linear nor precisely logarithmic, this method of determining
the dew-point RMS is acceptable because 1t is only in the highest temperatures
and lowest dew points that the difference between T - T_; | anda |IT - T+1|
is really significant,

The computations were accomplished on the ETAC IBM 7044, The results are
shown in Tables 1 and 2 for temperatures 0°C to 40°C and -40°C to 0°C, re-
spectively. Two tables are necessary since the relative humidity RMS error is
5% for temperatures above 0°C, and 10% for temperatures 0°C to -40°C. Qg%%

SECTION C — ANALYSIS

After the computations descrilbed above were completed, the RMS values, as
functions of temperature and dew polnt, were plotted on two charts, one for
temperatures 0°C to 40°C, and another for -10°C to 0°C, The dew-point RMS
errors computed for 1% relative humldity were not plotted on the chart for
above-freezing temperatures, and the dew=-point RMS errors computecd for 1% and
5% relative humidities were not plotted on the below-freezing chart, RMS
isolines were then drawn on each chart, The results of the analysis are pre-
sented as nomograms.

Figure 1 1s the nomogram for temperatures 0°C to 40°C; Figure 2 1s for
-40°C to 0°C., The diagonal lines are RMS-error isolines, The heavy djagonal
line on the right of each nomogram represents temperature equal to dew point,
1.e., 100% relative humidity. The portion of the nomogram to the right of
this line represents supersaturated conditions. The heavy diagorial line on
the left of each nomogram represents the iimit of dew-point accuracy. To the
left of this line, any dew points would be questionable and represents rela-

N R WA T A~ X R Y W A KL% O " R R PP o o AR S NITN IO TR AT

tive humidities of 5% in Figure 1 and 10% in Figure 2. RMS-error isolines LA
i
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have been included in the questionable and supersaturated portions of the nomo-
grams to assist in the interpretation near the limiting values,

Figure 3 is an example of how to use the nomograms. Assuming that a tem-
perature of -27.2°C has been measured and a dew point of -39.6°C has been
computed, the intersection of these two lines 1s locateu and found to be be-
tween the EMS-errcr values, 3.00 and 3.50; a RMS error of 3.4°C 18 read.

SECTION D — CONCLUSIONS

a., Dew-point accuracles are least (RMS errors are largest) for high tem-
peritures and low dew points and greatest (RMS errors are smallest) for low
temperatures and high dew points in each nomogram.

b. Although the dew-point RMS errors vary more or less logarithmically,
linear interpolation 1s permissible in using the nomograms presented with this
report.
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TABLE 1

CEw/POINT RMS ERRORS FCR TEMPERATLRES 0 TG 40

Sl BRI DR R

W

TEMP = 40. TEMP = 38, TEMP = 36, o

]
RH CFT RMS RH CPTY RMS RH CFT RMS
l. -25.88 19, 1‘0 l. -27u05 18.92 1. -28021 18-71
5. 6. T4 14.25 S5e -8012 1"-08 5. -9'51 13.92
10. 2.62 Te59 100 1012 7-50 10. '0038 7.41
15, 8.45 5. 07 15. é.88 5.01 i5. 5.31 4,95

20. 12.77 3.88 20. 11.14 3.83 20. 9.51 3.78
25. 16.22 3.17 25. 14.55 3.13 25. 12.87 3.09
30. 19.11 2. 69 30. 17.40 2.¢6 20. 15.69 2,62
35. 21.61 2.35 35. 19.86 2.32 35. 18.12 2.29
40. 23.81 2.09 40, 22.04 2.06 40, 20.26 2.03
45, 25.78 1.88 45, 23.948 1.86 45, 22.18 1.83
50. 27.58 1.72 50. 25.75 l.673 £0. 23.92 1.67
55. 29.22 1.58 55, é1.37 1.56 55. 25.52 l.54
60, 3C.74 1,46 60. z28.817 l.44 &0, 271.00 1.42
65. 32.15 1.36 65, 30.26 1.35 €5, 28.37 1.33

70. 33.47 1.28 70. 21.56 1.26 70. 29.65 1.24
T5. 34,71 1.21 5. 32.78 1.19 15. 30.86 1.17
80, 35.88 l.14 80. 33.93 1.12 gag. 31.99 l.11
85. 36.98 1.08 85. 35.03 1.07 85, 33.07 1.05
90. 38.04 1.03 90. 2¢.07 1.01 s0. 34,09 1.00
5. 39.04 0.938 95, 37.05 C.97 G5. 35.07 0.95

190, 40.0C 0. 94 1C0. 38.C0 C.93 1C0. 36.00 0.91
105. 40.92 0.90 105. 28.91 C.89 1C5. 26,89 0.87
il0. 41.80 0.88 110. 29.77 c.87 110. 37.75 0.86

TEMPERATURE IS CCGREES CELSIUS

RH 1S RELATIVE FUMICITY

DPT IS DEW=-POINT TEMPERATURE, CEGRcES CELSILS

RMS [S RMS ERROR JF CPT ASSUMIANGC 5 PER CENT
ERROR IN RELATIvec HUMIDITY

RMS FOR ONE PCR CENT R+ NOT APFLICABLE

e s w v B, o S P ]

E-

'ﬂ—
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TABLE 1 - CONTINUED

A}

K

)

B

CEW/PCINT RMS ERRORS FCR TEMPERATLRES 0 10 4C

Y

ig

[

2 TEMP = 34, TEMP = 32. TEMP = 30.

k)

5

!H CFT RMS RH CPY RMS RH BPY RMS

it 1. -29.39 18.49 1. =2C.56 18.27 le -21.74 18.05
; 5. "10.90 13-75 Se '“12030 13¢59 5- : "13.69 13."2
N 1C. -1.89 T«31 10. ~2.3% T.22 10. -4 .90 Te13
4 15. 3.73 4, 88 15. 2.15 4,82 15. 0.57 4.75
5 20. 7.88  3.73 20. €.24  3.68 20. 4.61 3,63
4 25, 11.19 3.05 25. 952 3.01 25. T7.83 2.97

30. 13.97 2.59 30. 12.26 2455 30. 10.54 2452
35, 16.37 2. 26 35. 14.62 2,22 35. 12.87 2.19
40. 18.48 2,00 40, 1¢.71 1.98 40. 14.93 1.95
45, 20.38 1. 81 45. 18.57 1.78 45, 16.77 1.76
50. 22.10 1.65 50. 20.27 1.62 50. 18.44 1.60
55. 23.67 1,51 55. 21.82 1.49 §S. 19.97 1.47
60. 25.13 1.40 60. 23.25 1.38 60. 21.38 1.38
65. 26.48 1.31 65. 24459 1.29 65. 22.69 1.27
70. 27.74 1.23 70. 25.83 1.21 10. 23.92 1.19
75, 28.93 1.15 5. 27.00 l.14 15. 25.08 1.12
80. 3C.05 1. 09 80. 28.11 1.08 80. 26.117 1.06
85. 31.11 1.04 85. 29.15 1.02 85. 27.20 1.01
90. 32.12 0. 98 90. 3C.15 0.97 90. 28.18 0.96
95, 33,08 Q, 94 95. 2l.10 0.93 95. 29.11 0.91
100. 34.00 0. 90 100. 32.00 0.89 100. 30.00 0.87
105. 34 .88 0. 86 105. 32.87 0.85 105. 30.85 0.84
110, 35.72 0. 84 110. 23.70 0.83 110. 31.67 0.82

o o .-

T e

-

TEMPERATURE IS5 CEGREES CELSIUS

RH IS RELATIVE BUMIDITY

DPT IS OEw-POINT TEMPERATURE, CEGREES CELSIUS

RMS [S RMS ERRQR JF CPT ASSURING 5 PER CENT
ERROR IN RELATIVE HUMIDITY

R4S FOR ONE PER CENT RH NCT APFLICABLE

i

%
§
h
¢
i
3
-
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3
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TABLE 1 -~ COCNTIAUED

LEw/PCINTY RMS ERRORS FCR TEMPERATLRES 0 10 aC

TEMP = 23, TEMP = 26. TEMP = 24.

RH CFT RM S RH Cey RFS RH CPT RMS
le -32.93 17.83 le =34,12 17.62 1. =35.31 17.40
5. ~-15.09 13,26 S. -1¢.50 13.09 5. =-17.91 12.93

10. ~&.42 1. 04 10. ~T.93 €.95 10. =F.45 6.86

15. ~1.02 4. 69 15- -2e6} 4a.63 15. -4,2C 4.57

200 2.97 3. 59 20. 1.32 3.5" 20- "0.32 3.‘09

25. 6.15 2.93 25. 4.417 2.89 25. 2.7¢ 2.84

33. £.82 2. 48 30. T.C9 2.45 20. 5.37 2e41

35, 11.12  2.16 s, .36  2.13 15, 7.61  2.10
40. 13.14¢ 1,92 40. 1l1.36 1.89 40, 9,58 1.87
45. 14,96 1.13 45. 12,15 1,71 45.  11.34 1.68
50. 16.€1 1.58 0. 14.17 1.55 €0, 12.94 1.53
55. 18.11 1.45 55. 16426 1l.43 5. 14.41 1.41
60. 19.51 1.34 60. 17.63  1.32 0. 15.7¢ 1.30
65. 20.80 1.25 65. 18.91 1.23 €5. 17.01 1.22
7. 22.01 1l.17 70. zC.10 1.16 70. 18.15 1l.l4
75.  23.15 1.10 5. 2l.22z 1.C9 75. 19.29 1.07

"80. 24.22 1.04 80. 2:.28 1.C3 £0. 20.33 1.01
85. 25.24 0.99 85. 22.28 0.98 85,  21.32 0.96
90. 26.20 0.S4 90. 24.23 0.93 S0. 22.26 0.91
95, 27.12 0.90 95, 25.14 0.89 35, 23.15 0.87

100. 28,00 0.86 100, 2&6.CC 0.85 100. 24,00 0.83 4

105. 28.86¢ 0.82 105. 26.83 0,21 105. 24.82 0.80

110.  2$.65 0.8l 110. 27.62 0.79 110, 25.60 0.78

TEMPERATURE IS CEGREES CELSIUS

RA IS RELATIVE FUMIDITY

DPT IS DEw-POINT TEMPERATURE, CCEGREES CELSILS

RMS IS RMS ERROR JF CPY ASSUMING 5 PER CENT
ERROR IN RELATIVE HUMIDITY

RMS FOR ONE PER CENT RH NOT AFPLICABLE
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§ e
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p TABLE 1 - CONTINUED

CER/PCINT RME ERRURS FOR TEMPERATLRES 0 10 4¢
¥
R
: TENP = 22. TEMP = 20, TCHMP = l3. §
i I
]H CFT R™M S ]RH cePT RES RH cPY RMS ?
e =36.51 17.19 le =27,71 1¢.98 1. =38.92 16.76 ]
5. -19-32 120 77 5. -2C.73 12-61 5‘ "22-15 12.‘0‘0 &
10. -10.97 6.76 10, -12.50  ¢.67 10. -14.02 6.58 x
15- -5.79 4qe 59 15. '7.39 Ha kb 15- -g.9¢ ‘.‘38
200 '1.97 3-‘0‘0 2 - -3-6l 3-39 20. -5c27 3.34
25. 1.C9 2.81 25' -Cobo 2.17 25. -2030 2.73
30. 3.64 2. 238 30. 1.9¢ 2+35 0. 0.19 2.31
3s. 5.85 2.07 35. 4.C9 2.04 35. 2.33 2.01
\ 40, T7.79 . 84 40. €.CO l1.81 40. 4.21 1.79 <
' 45. 9.53  l.66 45. 7.72 1.63 45. 5.9C 1.6l $
- 50. 11.11 1.51 59. Se2? 1.49 50. Teb2 l.47 X
} f:&‘).ti\ 55‘ 12.55 ‘L- 39 55. 1C.69 1‘3? 55. 6083 1.35
.‘.:;':;‘} (P10 13.38 129 60. 12.20 1.27 60. 10.13 1.25
= 65, 15,12 1. 20 65. 13,22 1.18 65, 11.33 1l.16
10, 16.28 1.12 10. 14.3¢ 1.11 10, 12.45% 1.09
T3 17.36 1. 08 15. 1543 1.04 15. 13.51 1.02
) BO. 18.39 1.C0 89. le.44 0.98 80. 14.5C 0.97
. Bo. 19.36 0. 95 85. 17.40 0.93 85. 15.44 0,92 d
¥ 90. 20.28 0. 90 90. 18.31 C.89 90. 16.34 0.87 N
) 95. 21.16 Q. 86 95. 16.17 C.85 95. 17.19 0.83 ¥
' i0Q. 22.00 0. 82 100. «C.00 C.81 100. 18.00 0.80
105, 22.80 0.79 105. éC.79 C.77 105. 18.78 0.76
110. 23.57 0.7 110. 21.55 C.176 110. 19.52 0.75 .
’
J
TEMPERAGTURE IS CELREES CELSIUS ?
' RH IS RELAYIVE FUMICITY
UDPT IS DEw=POINY TEMPLRATURE, LCEGREES CELSILS
RMS IS RMS £RROR JF CPT ASSUMIANC 5 PER CENT
cRROR IN RELATIVE HUMIDITY
RAMS FOR ONE PER CeNT Rk NOT APFLICARLE ‘
d
' 1
{
!
: !
i .
. . 1
v ’
9 !
‘
[
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o TABLE 1 = CCNTINUED

CEW/POINT RMS ERRORS FOR TEMPERATLRES 0 TC 4¢C

B
K
-ﬁﬂ TEMP = 16. TEMP = 14, TENP = 12.
W
R
b RH CFT RMS RH cPT RMS RH OPY RMS
1. "!C-13 16-55 1. "*1-3" 16-34 l- “02-56 16:13
'?‘ 5' "23-57 12-28 5. _25-00 12112 5. -260‘03 11096
e 10. -15.56  6.49 100 =17.09 6.4l i0. =18.62 6,32
& 15 ~10.58 4.32 15. =12.19  4.26 15. =13.79 4.20
°§ 20.  ~6.92  3.3C 20. -8457 3.25 20, -10.22 3,20
i 25, =3.99 .69 25. =5.69  2.65 35 =T7.39 2.61
W 30. ~1.54 2.28 30, =3.28 2.24 30. -5.01 2.21
j 35, 0.56 1,98 35. -1.20 1.95 35, =2.97 1.93
4 0. 2.42 1.76 40, Ce63 1.73 40. =1l.l6 1.71
C i 45, 4,09 1,59  45. 2.27  1.56  45. 0.45 1.54
he 50, 5.59  l.44  50.  3.75  1.42  50.  1.91 1.40
&r 55, .97 1,33 55. £.11 1.31 55, 3.25  1.29
W 60. 8.25 1.23 60. £.37 1l.21 €0. 4.9 1.19
N 654 9.43  1.14 65, 7.53 1.1i3 €s. 5.63  1l.11
70. 10.56¢ 1,07 70. 8.62 1.06 70. 6.71 1.04
.’ 75. 11-57 1.01 75- 9'6" 0-99 75- 7'71 0.98
o 80. 12.55  0.95 80. 10.61 0.94 f0. B.66 0.92
‘ 85. 13.-’08 0.90 850 ‘.1.52 0189 85. 9-56 0088
. 94. 14.36  0.86 90. 12,39  0.85 90 . 10.41 0.83
> 95. 15.20 0.22 5. 12.21 0.8l $5. 1l.22 0.79
g 120, 16.00 0.78 100, 14.C0 .77 100. 12.00 © 78
: 105, 16,77 0.75 105. 14.75 0.74 105, 12.74  0.73
" 110. 17.50 0.73 1lo0. 19,48 0.72 110, 13.45 0.71
Wy
i TEMPERATURE 1S CEGREES CELSIUS
g RH IS RELATIVE RUMIDITY
e DPT IS DEw-POINT TEMPERATURE, CEGREES CELSILS
o RMS 1S RMS ERROR Jf CPT ASSUMING S FER CENT
L ERRQOR IN RELATIVE HUMIDITY
gﬁ RMS FOR ONE PER CENT RH NOT APFLICABLE
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e TABLE 1 - CL .TINUED

CEW/PCINT RMS ERRORS FCR TEMPERATLRES 0 TO 4Q

TeMP = 10. TEMP = 8. TEMP = 6.
RH DFT RMS RH CPT RMS RH beT RMS
'_ l. -43.78 15-92 1- -45001 S.71 1. —46.24% 15.50
X 5. =~27.86 11.80 5. =-29.30 il.65 5. =30.74 11.49
"' 10' -20017 be 23 100 -21'71 6.1‘9 ‘o- -23-26 6-05
@ 15, -~15.40 4e 18 15. =-17.02 4.08 15, =18.63 4,02
fq 20- -11-89 3. 16 20. -13.%6 3-11 20- -1%.22 3.0&
Kx 25. -9.C9 257 25. =-1€.80 2.53 25. =12.50 2.49
‘4’:* 30. -6.75 e 18 30. ~8449 2.15 30' _10‘23 2011
35. -4.73 1.90 35, ~€450 1.87 35. -8.27 1.84
'q 40. ~2.96 1. 68 40. -4.75 l.66 40. ~6.5% 1.63
:. 45. -1.37 l. 51 45, ~-3.19 1.49 45. -5.01 l.47
Y 50. 0.07 l. 38 50. =177 1.36 50. =3.62 1.3¢4
kT 55. 1.39 1.27 55, =047 1.25 £S5, -2.34 1.23
s 60- 2.60 ’.- 17 60- 0-72 1-15 60. -1016 1‘1‘0
'3 65, 3.73 1. 09 65. 1.83 l.08 65, -0.07 1.06
70, 4,79 1.02 10. 2.87 1.01 10, 0.95 0.99
T3. S.78 0. 96 75. 3.85 €.95% 15. 1.91 0.93
80. .71 0.91 80. 4.77 C.89 g0. 2.82 0.88
85. T.60 0. 86 85, Seb4 C.85 €5, 3.67 0.83
90. 8.04 0.82 90, €46 c.81 90. 4.49 0.79
95, 3.24 0.78 95, T.25 C.77 85, 5.26 0.76
100, 10.00 0. 75 100, E.GO C.73 1C0. 6.00 0.72
105, 10.73 0.72 105, L C.70 1C5. 6.7i1 0.69
110. 11i.43 D. 70 110, G.41 0.69 110. 7.38 0.68

TEMPERATURE IS5 CEGREES CELS1US
RH IS RELATIVE FUMIDITY
OPT IS DEw-POINT TEMPERATURE, CEGREES CELSILS

RMS TS RMS ERROR JF CPT ASSUMING S PER CENT g
ERROR IN RELAVIVE HUMIDITY ¢
RMS FOR ONE PER CENT RK NOT APFLICABLE 2
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TABLE 1 - CONTINUED

CEW/PCINT RMS ERRORS FCR TEMPERATURES C TO 40

TEMP = 4, TEMP = 2. TEMP = -0,

RH CFT RM S RH CPT RMS RH DPT RMS
1. =47.47 15.29 le. -48.71 15.08 l. =-49.9¢ 114.88
5. =32.18 11.33 5. =~33.63 11l.18 5. =35.08 11.02

10. -24.81 5. 97 10- ~2€.3¢8 5.88 10.. =-27.92 5-80

13. "20-25 3. 96 15- "21.87 3.90 150 -23.49 3.8"
20. =~16.89 3.02 20. =~18.56 2.97 20. =~20,.23 2.93
25. ~14.21 2e 45 25. ~-1%.92 2.42 25. -17063 2038
30. ~11.97 2,08 30. ~13.72 2.05 30. =-15.47 2.02
3%. ~1C.05 1.8 35. =-11.82 1.78 35. =~-13.6Q 1.75
40, -8.35 1. 61 40. =~10.15 1.58 40. ~11.96 1.56

4-5. "'6.8‘0 l. "5 45. '-8.66 10"2 “5- -10149 1.40

50. -5.46 1,32 50. -7.31 1.29 50. -9.1¢ 1.27

55. ~4421 ’.021 55. -€.07 1.19 5. =-T7.94 1-17 -
60. -3.05 l1.12 60. -4,93 1.10 €0. -6.82 1.08 @
55. “1-97 1. 04 65. ~3.87 1.02 €5. "5.78 1.01

70. -0.96 0.97 70. -2.88 0.96 70. -4.80 0.94

75- '0002 0. 92 5. ‘1-95 0-90 75. "3.89 0.89

a0. 0.87 0.87 80. -1-08 0.85 80- -3003 008"

35, 1.71 0,82 85. -0.2> 0.81 85. "'2021 0.79

90. 2.51 0.78 90. 0.54 0.77 S0. =l.44 Q.75

95, 3!27 0.7‘0 95. 1.29 0-73 95. -0070 0'72
100. 4.00 0.7 100, 2.00 0.70 1C0. 0.00 0.69
105. 4,70 0. 68 105. 2.68 C.67 1C5. 0.67 0.66

110. 5.36 0. €7 110, 3.34 0.66 110. 1.32 0.64

TEMPERATURE IS CEGREES CELSIUS

RH IS RELATIVE FUMIDITY

OPT IS DEwW-POINT TEMPERATURE, CEGREES CELSILS

RMS 1S RMS ERROR JF CPT ASSUMING 5 PER CENT
ERROR IN RELATIVE HUMIDITY

RMS FOR ONE PER CENT Rk NOT APFLICABLE
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TABLE 2

CEW/PCINT RMS ERRORS FOR TEMPERATULRES ~-40 TU O

TEMP = 0. TEMP = -2. TEMP = -4,

KH CFT RM S RH CPT RNMS RH CPT RMS
1. =-69,96 14.88 1. =-£1.21 14.67 le =52.4¢ 14,47
5. -35108 11-02 50 ‘36.53 10-87 5' -37099 10.71

10- ”27.92 IQ.Bb 10- ‘29048 1‘.65 10. —31-04 1‘.44

15. =23.49 8.72 15. =-2%.11 8.59 15, =26.74 8.46

20. -20.23 6.23 20, =21.90 &.13 20, -23.58 6.04
25« -17,63 4o 96 25« =19.35 4.87 25. =21.07 4.79
30. ~15.47 bel4a 30, =17.21 4.07 30. -18.97 4,01
38. -13.60 3.57 35. ~-1t.34 3.52 35. =17.1¢ 3.46
40, ’11.96 3015 40 ’13-76 3'10 40, -l5.57 3.05
45, -~10.49 2.83 45. =12.32 2.78 45. ~léa.l4 2474
50. -9,16 2. 57 50. -11.01 2.53 50. -l2.8¢ 2+49

; \ 55. -T1.94 2.36 55. -9.81 2.32 55. -11.68 2.28
o 60. -6.82 2.18 60. ~87T0 ésla €0. -10.59 2.11
65. -5.78 2.03 65. -T.68 1.99 €5. -9.58 1.96

70. -4,80 1.90 70, -6.72 l.86 70. -8.64 1'83

TS5 -3.89 1078 75. '5!82 1075 75- -7.76 ‘012

80. -3.03 l. 68 80. ~4,9b 1.65 eo. -6.93 1.63

85. =2.21 1.59 85, -4.13 1.57 85. -6.14 1.54

90- —10"‘0 ln 51 90. _-"'1 1.49 90- -5039 1“.6

I5. -0.70 la 44 95. =2+69 l.42 55. ~4.68 1.39

100. Q.00 1.38 100. -2.00 1.35 1C0. -4.00 1.33

105- Q.67 0. 66 105, '1-34 0.65 ICSO -3.35% 0.64

110. 1.32 0, 64 110. -0.71 0.63 l10. -2.,73 0.62

TEMPERATURE IS CEGREES CELSiIUS

RH IS RELATIVE FUMIODITY

CPT IS DEwW-POINT TEMPERATURE, CEGREES CELSILS

RMS IS RMS ERROR JF CPT ASSUMING 10 PER CENT
ERROR IN RELATIVE RUMIDITY

RMS FOR ONFE ANC FIVE PER CENT RE NCT APPLICASBLE
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TABLE 2 ~ CCNTINUED

CEW/PCINT RMS ERRORS FOR TEMPERATULRES -40 TO O

TEMP = =6, TEMP = -8. TEMP =-]10.

RH CFY RMS RH cet RMS RH pPT RMS
1. =53.72 l4.20 1. =-£4.98 14,06 1. -56.25 13.86
5. -39-45 10|56 5. -46192 10.40 5. -42039 10025

10, =~32.60 14,23 10, -24,17 14.02 10 =35.74 13.81
15, =~28.37 8. 33 15. =32C.00 8.21 15. =3l.64 8.08
20. =25.2¢ 5. 94 20, =2€.94 5.85 20. —28.63 S.76
25. =22.78 40 72 25, =—Z4.51 4,64 25. 26422 e ST
30. ‘20:72 3.9¢ 30- -22-47 3.88 310. '2‘.23 3082
35. -18.94 3,40 35, -2C.72 3.35 as. -22.51 3.29
40 -17.37 3. 00 40. -15.18 2.96 40. -20.99 2.91
450 =15.97 Se 69 “#%. =17.81 2,65 45. ~19.64 2.61
50, =14.71 2 45 50. -1l¢€.56 2.41 0. ~18.42 2.37
5%. =12.55 2. 24 55. =~15.42 2.20 56. =-17.30 2.17
60. -12.48 2. 07 60. -14.37 2.04 €0. ~-1l6.2¢ 2.00

g v e e
P T AL

65. -11e4%G 1093 65- -13.4C 1'89 65. ‘15.30 1086
70. -10.56 1080 70, -12.“9 1!77 0. ‘14.41 1-7“
75. -9.70 le 69 75. =11.63 l.67 ?5. =13.57 l.64
80. -3.88 l. 60 80. -1C.83 1.57 80, =-12.78 1.54
85, -8.10 1. 51 85, -1C,07 1.49 85, -12.03 1.46
0. -7037 1'““ 90, -9.34 1(“1 S0, -11-32 1-39
95, -6.67 1.37 95, -8.66 1.35 95. -10.64 1.32
190, -€6.00 1-31 100- -8,00 1-29 ICO' -10-00 1-26
105. ~-5.36 0063 105- -7037 006‘ 1C5. -9.38 0-60
1i0. -4.75 0. 61 110, -€. 77 0.60 110. ~8.75 0.59

TEMPERATURE IS CEGREES CELSIUS

RH 15 RELATIVE HUMIDITY

OPT IS DEw=-POINT TEMPERATURE, CEGREES CELSILS

RMS IS MS ERROR JF CPT ASSUMING 10 PER CENT
ERAROR IN RELATIVE HUMIDITY

RM3 FOR ONE AND FIVE PER CENT Rr NCT APPLICABLE
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2 TABLE 2 - CCONTINUED

UEW/PCINT RMS ERRORS FCR TEMPERATLRES =40 TD C

i TEMP =-12, TEMP =~14, TEMP =-16.
‘
. KH OFT RMS RH LPT RMS RH OPT RMS
‘ 1. =57.52 13,66 1. =58.79 13,46 1. =-60.07 13.26
] 5. -‘3.86 10.10 5. '45.3“ 9.95 5. -‘6-82 9080
1 10. =-37.32 13,860 10. -38.89 13.39 10, =-40.47 13.19
¥ 15, =-33,28 7.95 15. =-24.92 7.83 15, -36.5¢ 1.70
o 20. =30.31 S.66 20. -32.00 8,37 20. =-33.7C 5.48
R 25« =27.96  4.49 25. =29.68 4,42 25. =3l.41 4,35
30, =-25.99 3.75 30, =27.75 3.69 30. =29.51 3,63

Se -24,29 3.24 35. -26,.08 3,19 35. ~27.87 3,13
40- -22081 2-86 “0- -2“.62 2.81 40. -26u43 2076
45, -21-47 2.56 45, ‘23031 2.52 45. -25.15 2-48

50. -20e.27 2.33 S0. -22.13 2.29 S0. "23.98 2.25
55, -1‘;.17 2.13 55, -21004 2.C9 550 -22092 2.06
60. -18-15 1.97 60, -20-05 1.93 60- -21594 1-90
6%. =-17.21 1.83 65. -19.12 1.80 ¢5, =-21.03 1,77
70. -—-1&,33 1,71 10. =l18.26 l.68 70, =-20.18 1.65
75- ‘15-51 1.61 715 _17.45 1.58 15- -19.39 l|55
80, ~14,73 l. 52 80. -16.68 1.49 eo. =-18.63 l.46
85. =-14.00C 1,44 85. -15.96 le4l 85, ~17.93 1,39
90. -13.30 1.37 90. -~-1%.27 l.34 %0, =-17.2% 1.32

35. -12.63 l. 30 95, -14062 1.28 SS. -16.61 1.25
100- '12‘00 ;-24 100- _1“000 1.22 ICOQ -16-00 1020
103, =-11.39 0. 59 105. -12.40 0.538 1C5. =15.42 0.57
110. -10.81 0.58 110. -1¢.83 Ce57 110. -le4.8¢ 0.56

TEMPERATURE 1S CEGREES CELSIUS

RH IS RELATIVE FUMIOITY

OPT IS DEw-POINY TEMPERATURE, CEGREES CELSILS

RMS S RMS ERROR OF CPT ASSUMING 10 PER CENT
cRRCR IN RELATIVE RUMIDITY

RMS FC- ONE AND FIVE PER CENT R+ NCT APPLICABLE
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TABLE 2 ~ CCNTINUED

CEW/PCINT RMS ERRORS FOR TEMPERATURES -40 TO C

TEMP =-18. TEMP =-20. TEMP =-22.
RH CFT RS RH CPY R¥FS RH CPT RMS
1. =-6l.36 13.06 1l ~-&2.65 12.86 1. =63.94 12.67
5. =-48.30 9. 65 5. =-49.79 9.50 5. =51.28 9.35

10- -"2006 12- 93 10. ’43.6" 12.78 10. -‘05.23 12-58
150 ‘38-21 7. 58 15. -3G.86 Te4S 15, -41.54 7.33
20. =35.39 5. 39 20. -27.09 5.30 20, =-38.79 5.21
25. =33.15 4,27 25. =34.88 4.20 25. =~36.862 4,13
30. -31.27 357 30, -33,04 3-51 ag. ~-34,.81 3.45
3is. -29.66 3.08 350 -31046 3.03 350 _33025 2097
40. -28.25 2o 12 40, -2C,07 2467 l'o- -31.89 2.62
45, -26.99 2+ 43 45, -28.82 2.39 45, -30.67 2.35

50. =~25.84 2. 21 50. =27.70 2.17 0. =29.5¢6 2.13
55. -24.80 2002 55, ~2¢€.68 1.99 £5. -28.56 1.95
600 -2308‘ 1. 87 60. -25'73 1-8“ 50. ‘27.63 1.80
65. —22-9" 1- 14 65. '2‘0-85 1071 65' -26076 1968

70. =22.11 1. 62 70. =-24.03 1.59 70. =25.96 1.57
75 "21-32 1. 53 75. ~23.26 1.50 15, -25021 1.47
80. =-20.59 l. 44 80. -22.54 l.41 80. =24.49 1.39
85. -19.89 l. 36 85. =—-¢l.86 1.34 85. -23.82 1.31
90. -19.23 1.29 90. _21021 1-27 90. -23-19 1-25
95. =-18.60 1,23 95. -2C.59 1.21 55, =-22.58 1.19
10Cc. -18.00 1.18 100. =2C.C0O 1.16 1€0. =22.0C 1.13
105- =-17.43 0. 56 105. -19.44 0.55 ICS. -21.45 0.54
110, -1¢.88 0. 55 110. -18.90 0.54 110. =-20.92 0.53

TEMPERATURE IS CEGREES CELSIUS

RH [S RELATIVE HUMIDITY

OPT IS DEw-POINT TEMPERATUKRE, CEGREES CELSILS

RMS S RMS ERROR DJF CPT ASSUMIAG 1C PER CENT
ERROR IN RELATIVE HUMIDTTY

RMS FOR ONE AND FIVE PER CENT Rk NCT APPLICABLE

16
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TABLE 2 - CCNTINUED

CEW/PQINT RMS ERRORS FOR TEMPERATULRES -40 TC ¢

o s

20. ~40 .49 5«12 20. -‘2.19 5.04 20. ~43.90 4.95
25. =38,3¢6 4. 06 25. =40.10 3.99 25. =~41,84 3.92
30. '36.53 3.30 30. “38-35 3.33 30. -‘ODIZ 3.27
3s. -35.05 2+ 92 3S5. ~36.85 2.87 35. -38065 2.82
40. ~33.71 2458 40, =35.53 2.53 40. =~37.38 248
45, =32.51 2.31 5, ~34,3% 2+27 45. -36.20 2.22
30. -31.43 2«09 50. ~33.29 2.05 50. '35.16 2'02
55. -3C.44 1. 92 55. ~-32.32 1.88 55. -34.20 1.85
6. =29.52 1.77 60. <3l.42 1.74 ¢0., =33.32 1.7
65, ‘23.68 1-55 65- ~-30.59 1062 65. -32.51 1059
T0. =27.89 154 T70. =-29.82 1.51 70. =31.74 1.48
75. <=27.15 1.44 75, ~29.09 l.42 75. =31.03 1.39
0. =-26.45 1.36 80. =28.40 1.34 80. =-30.36 1.31
B85, -25.79 1029 85- —27.16 1-27 85. -29o72 1-24
90, =25.16 1.22 90. =27.l14 1.20 50. -29.12 1.18
25. "24-57 1017 95. -26'50 1-1‘ 95. -28055 1.12
100. -24.00 1.11 100, -2¢.00 1.09 1¢0. -28.0C 1.07
1050 =-23.46 0.53 105. -25.47 0052 1050 -27.48 0051
110. =22.94 0.52 110. =-24.96 0.51 110, =-26.98 0.50

TEMP =~24. TEMP =~26. TENP =-28.
*
: RH CFT RMS RH CPT RMS RH DPT RMS
“é 1- ‘65024 12047 1. ‘66-55 12021 ld -67-85 12.08
~ 5- '52.77 9021 Se -54027 9.06 Se ‘55.77 8-92
. 10. -46.83 12.38 10. -~48.42 12,18 10, -50.02 11.98
N 15, =-43.17 7.21 15, -44.83 7.C9 15. =46.49 6.917
k
[}

TEMPEKATURE 1S CEGREES CELSIUS

RH IS RELATIVE RUMIDITY

OPT IS CEw-POINT TEMPERATURE, CEGREES CELSILS

RMS 1S RMS ERROR JF CPT ASSUMING 10 PER CENT
ERROR IN RELATIVE HUMIDITY

RMS FOR ONE AND FIVE PER CENT RF NCT APPLICABLE
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TABLE 2 - CCNTINUED

CEW/PCINT RMS ERRORS FOR TEMPERATULRES =40 YO €

e —— e —

TEMP =-~30. TEMP =-32. TEMP =-34,

R DFT RM S RH CPY RFS RH CPT RMS
le =-69.17 11.89 1. =-7C.49 11.69 1. -71.81 11.50
S. =-57.28 8.77 5. =%8.79 8,63 5. =-60.30 8.48

10. -51.63 11.78 10. =53.23 11.58 10. +~54.84 11.39

15. -48.15 6. 85 15. =-49.82 €.73 15, =51.49 6.61
20 =45.61 4. 86 20, =47.32 4,78 20, =49,03 4.69
25. =43.58 3.85 25. =-45.33 3.78 25. =47.08 3.71
30. -41.90 3.21 30. -43.68 3.15 30. -45.4¢ 3.10
35. -=40.45 2. 17 35. =42.26 2.72 35. -44.0¢ 2.67

40. -39-18 2."‘0 40, -41-01 2.29 40. -‘GZnB‘Q 2-35 !
45. -38.05 2.18 4%. =39,90 2.14 45. -41.75 2.10

S0. "37-02 1.98 50. -32.89 109‘0 50. -40,76 1.91 !
55. =-36.C9 1l.81 55. =37,97 1.78  55. -39.86 1.75

60. =35.22 1,67  60. =-37.12 1l.64  &0. =-39.02 1.6l m ,
65- ‘3‘.“2 1056 65- ‘36034 1.53 &5- -38025 1.50 7 |

13. -33.67 1-"5 70. '35.60 1-43 70. ‘37-53 1-‘!0
75. =32.97 137 15. -324.92 1.34 15. =36.8¢ 1.31
80. -32.31 129 80. -3“-27 1.26 80. -36'23 1.2‘
85. -31-69 1.22 85. '33-6& 1-20 850 -35063 1.17
90. —3‘.10 10 16 90. "33508 1013 90. "35.00 llll
93« =30.54 1.10 95. =32.53 1.08 95. =-34.52 1.06
100- -3C-00 1-05 100- _32000 1.03 ICOQ -34000 1001
105- -29.49 0.50 105- _31050 0049 1C5. -33.51 0.48
110, =25.00 Q.49 110. -31.02 0.48 11¢. -33,03 0.47

TEMPERATURE IS CEGREES CELSIUS

RH IS RELATIVe FUMIDITY

OPT IS DEw-POINT TEMPERATURE, CEGREES CELSILS

RMS [S RMS ERROR JF CPT ASSUMIANC 10 PER CENT
ERROR IN RELATIVE HUMIDITY

RMS FOR ONE AND FIVE PER CENT RF NOT APPLICABLE
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TABLE 2 - CONTINUED

CEAN/PCINT RMS ERRORS FCR TEMPERATLRES -40 TO C

TEMP =-36. TEMP =-38. TEMP =-40.
RH CFT RM S RH CPY RFS RH DPT RMS
1. -73.14 11. 31 l. "7"."7 11.12 10 -75181 10.94
3, =6l1.82 8, 34 Se -—¢3.34 8.20 5. =64.87 8.06

10. -56.45 1l.19 i0. -%8.07 11.00 10. -59.69 10.81

13. =53.16 6. 49 15. -54.83 €.38 15. =56.51 €.26

20. -5C.75 4. 61 20, -52.47 4,52 20, —54.,19 4.44

25. '48.83 3. 64 250 ‘50.59 3.58 25- "52.34 3.51

300 “‘07024 3-0" 30. -49-02 2.98 30' -50.81 2.93

35, -45.87 2. 62 35, =47.68 2.57 35, =49.49 2.52

40, "4".67 2-31 "Oo "46-50 2026 l!o- -48.34 2-22

45, =~43,60 2. 06 45. =45.45 2.03 45. =4T7.3C 1.99

50. =~42,63 1. 87 80. -44.50 1.84 50. =-46.37 1.80

O 53« 41474 1. 71 55. «~43.63 1.68 55. =-45,52 1.6%
% 650. ~4C.93 le 58 60' =-42.83 1-55 60. -44 .74 1052
65, “00017 1-47 65. ‘42-09 l.44 65- -4‘0.01 1.‘01

70. -39.,47 1.37 70, =-4l.40 1.35 70. =-43.33 1.32

75- _38v80 ,5- 29 750 -4C.75 1!26 75. "‘OZ."O 102‘!

80. -38.18 1.21 80. =-4C.l4 l.19 80. -42,10 1.17

85. -37.59 1.15 5., -39.56 1.13 85. -41.,53 1.10
90. =37.04 1. 09 90. =-39.02 1.07 30. =41.0C 1.05
5. =36.51 1. 04 95, -38.50 1.02 55. =40,.49 1.00

100. =-36.00 0.99 100. -38.00 0.97 1€0. -40.0C 0.95
105, -35.52 0. 47 105, -37.53 V.46 1€5. -39,%54 0.45
110. -35.05 0.46 119. -27.07 Q.45 110. =-39.09 Q.44

TEMPERATURE IS CEGREES CELSIUS

R 1S RELATIVE RUMIDITY

OPT IS DEw-POINT TEMPERATURE, CEGREES CELSILS

RMS IS RMS ERROR DOF CPT ASSUMING 10 PER CENT
ERROR IN RELATIVE BuMIDITY

RMS FOR ONE ANC FIVE PER CENT R+ NOT APPLICABLE
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